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© Arm driving mechanism in an industrial articu- 
lated robot, wherein the rear end of a first arm (12) is 
controllably rotatably supported by a fixing member 
(10, 33, 35) nonrotatably fixed on a swinging base 
(11b) swingable about a longitudinal axis through a 
W-axis driving motor (M 2 ), a support member (30, 
34, 36) is rotatably supported on the forward end of 
the first arm (12), the proximal end of a second arm 
(13) is controllably rotatably supported on the sup- 
port member (30, 34, 36) through a U-axis driving 
motor (Ma), the fixing member (10, 33, 35) and the 
support member (30, 34, 36) are connected to each 
other so as to form two link elements of a parallel 
link mechanism, the first arm is driven by the W-axis 
driving motor (M 2 ) having a low output, and* the 
second arm is driven by the U-axis driving motor 
(M 3 ) in such a manner that the second arm has a 
high degree of freedom in swinging operations. 



Fig. 3 
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TECHNICAL FIELD 

The present Invention relates to an Industrial 
articulated robot having multiple degrees of free- 
dom of motion in a three-dimensional space, and 
more particularly, to a novel drive mechanism for 
an arm of an articulated robot provided with a 
plurality of arms each capable of turning about a 
horizontal axis on a joint. 

BACKGROUND ART 

A prior art industrial articulated robot has a 
drive mechanism in which a parallel link mecha- 
nism is arranged between a first arm (W-axis arm) 
joined to a swivel body and a second arm (U-axis 
arm) joined to a front end of the first arm, and two 
drive motors disposed on the axis of turning of the 
first arm are arranged in a manner such that one of 
the two motors drives a rotation of the first arm and 
the other of the two drive motors drives a rotation 
of the second arm through the parallel link mecha- 
nism. 

Another prior art industrial articulated robot has 
a drive mechanism in which a drive motor provided 
on a joint about which a W-axis arm turns directly 
drives a turning of the W-axis arm, and another 
drive motor provided on a joint about which a U- 
axis arm turns directly drives a turning of the U- 
axis arm. 

As illustrated in Fig. 7, in the articulated robot 
provided with the drive mechanism having a par- 
allel link mechanism, a W-axis arm 2 is pivotally 
joined at the rear end thereof to a swivel base (W- 
axis base) 1b mounted upright on a stationary base 
1a fixed to a floor so that it is turnable about the 
longitudinal axis thereof relative to the fixed base 
1b, and a U-axis arm 3 is pivotally joined to the 
front end of the W-axis arm 2. Further, a parallel 
linkage mechanism is constructed by a rear exten- 
sion 3a of the U-axis arm 3, the W-axis arm 2 and 
two connecting links 5 and 6, and a W-axis drive 
motor M 2 is provided on a joint pivotally joining the 
rear end of the W-axis arm 2 and the W-axis base 
1b, to thereby turn and control the W-axis arm 2 in 
directions indicated by an arrow W. A U-axis drive 
motor M 3 is provided on the joint pivotally joining 
the rear end of the W-axis arm 2 and the W-axis 
base 1 b, to thereby drive and control the turning of 
the U-axis arm 3 in directions indicated by an 
arrow U. A robot wrist 4 is mounted so that it is 
turnable about a plurality of turning axes on the 
front end of the U-axis arm 3, and is driven by a 
wrist drive motor, not shown, mounted on the U- 
axis arm 3 or on the extension 3a of the U-axis arm 
3. 

As illustrated in Fig. 8, an articulated robot 
provided with the direct drive mechanism includes 



a stationary base 1a, a W-axis base 1b mounted 
for rotation about the longitudinal axis thereof on 
the stationary base 1a, a W-axis arm 2 pivotally 
joined at the base end thereof to the W-axis base 

5 1b to be driven for a controlled turning by a W-axis 
drive motor M 2 , and a U-axis arm 3 pivotally joined 
to the front end of the W-axis arm 2 to be driven 
for a controlled turning by a U-axis drive motor M3. 
It should be understood that, in the former 

10 drive mechanism shown in Fig. 7, a moment acting 
on the U-axis arm 3 does not act on the W-axis 
arm 2, and therefore, a load torque on the W-axis 
drive motor M 2 can be reduced. Nevertheless, the 
existence of the parallel linkage mechanism must 

15 limit the operation of the U-axis arm 3 to a com- 
paratively narrow angular range. 

The direct drive mechanism shown in Fig. 8, 
permits the U-axis arm 3 to operate over a suffi- 
ciently wide angular range, but the W-axis drive 

20 motor M2 must be a motor having a large output 
capacity because a load moment on the U-axis arm 
3 acts directly on the W-axis arm 2. 

DISCLOSURE OF THE INVENTION 

25 

Therefore, an object of the present invention is 
to solve the problems encountered by the drive 
mechanisms of the foregoing prior art articulated 
robots. 

30 Another object of the present invention is to 

provide an industrial articulated robot provided with 
a novel arm drive mechanism capable of reducing 
the load on a W-axis drive motor M 2 for driving the 
first arm (W-axis arm) of the articulated robot, and 
35 of increasing the angular range of operation of the 
second arm (U-axis arm) of the articulated robot. 

In accordance with the present invention, there 
is provided an industrial articulated robot compris- 
ing, in combination, at least: 
40 a stationary base to be used as a bottom unit; 

a swivel base capable of turning about a lon- 
gitudinal axis thereof relative to the stationary base; 

a first arm (W-axis arm) capable of turning 
about a horizontal axis relative to the swivel base; 
45 a second arm (U-axis arm) capable of turning 
about a horizontal axis relative to the first arm; 

W-axis drive motor means for driving the first 
arm; 

U-axis drive motor means for driving the sec- 
50 ond arm; and 

a robot wrist having multiple degrees of free- 
dom of motion and provided on the front end of the 
second arm, wherein an improvement comprises: 

a fixed member fixed to the swivel base to be 
55 restrained from turning relative to the swivel base 
and supporting the second arm at a rear end 
thereof so that the second arm can be driven by 
the W-axis drive motor means for a controlled 
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turning; 

a supporting member pivotally joined to a front 
end of the first arm and pivotally joined to a rear 
end of the second arm so that the second arm can 
be driven by the U-axis drive motor means for a 
controlled turning; and 

a parallel linkage mechanism including at least 
said first arm, said fixed member and said support- 
ing member, and being capable of performing a 
linkage motion in response to the turning motion of 
said first arm caused by the W-axis drive motor 
means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following description taken in 
connection with the accompanying drawings, 
wherein: 

Fig. 1 is a diagrammatic view of assistance in 
explaining a structural principle on which is 
based an arm drive mechanism for an industrial 
articulated robot according to a first embodiment 
of the present invention; 

Fig. 2A is a diagrammatic view of assistance in 
explaining the dynamics of the arm drive 
mechanism of Fig. 1 ; 

Fig. 2B is a schematic diagram of an analytical 
model of the arm drive mechanism shown in 
Fig- 1; 

Fig. 3 is a front view of an industrial articulated 
robot provided with the arm drive mechanism of 
Fig. 1; 

Fig. 4 is a sectional view taken along the line, IV- 
IV of Fig. 3; 

Fig. 5 is a schematic side view of an arm drive 
mechanism for an industrial articulated robot 
according to a second embodiment of the 
present invention; 

Fig. 6 is a schematic side view of an industrial 
articulated robot according to a third embodi- 
ment of the present invention; 
Fig. 7 is a schematic side view of a prior art arm 
drive mechanism for an industrial articulated ro- 
bot including a parallel linkage; and 
Fig. 8 is a schematic side view of a prior art 
industrial articulated robot having first and sec- 
ond arms directly driven by drive motors, re- 
spectively. 

BEST MODE OF CARRYING OUT THE INVEN- 
TION 

Referring to Fig. 1, an industrial articulated 
robot has a swivel base 1 1 b (hereinafter referred to 
as "W-axis base) mounted upright on a stationary 
base 11a fixedly mounted on the floor. The W-axis 



base 11b is driven by a drive motor, not shown, for 
a controlled swiveling motion in directions indicated 
by an arrow d about a longitudinal axis thereof. An 
arm is joined to the W-axis base 11b, and a drive 

5 mechanism for driving the arm is mounted on the 
W-axis base 11b. A fixed level 10 is fixed in a 
horizontal position to the W-axis base 11b, a first 
arm (W-axis arm) 12 is pivotally supported at its 
rear end through a W-axis drive motor M 2 to one 

70 end of the fixed lever 10 for a controlled rotation in 
directions indicated by an arrow W. A connecting 
lever 20 having a length thereof equal to that of the 
first arm 12 is pivotally joined to the other end of 
the fixed lever 10. 

75 A supporting lever 30 equal in length to the 
fixed lever 10 has one end pivotally joined to the 
upper end of the first arm 12 and the other end 
pivotally joined to the upper end of the connecting 
lever 20. Thus, the fixed lever 10, the W-axis arm 

20 12, the connecting lever 20 and the supporting 
lever 30 form a parallel linkage mechanism. 

The arm drive mechanism in this embodiment 
has the following features. A second arm (U-axis 
arm) 13 is supported through a U-axis drive motor 

25 M 3 for driving the same for a controlled rotation in 
directions indicated by an arrow U at a position on 
the supporting lever 30, i.e., the middle point of the 
supporting lever 30 in this embodiment. An or- 
dinary robot wrist 14 is mounted on the front end of 

30 the second arm 13. 

The following equations of equilibrium can be 
obtained through a consideration of forces acting in 
the arm drive mechanism of the foregoing articu- 
lated robot and equilibrium of moments of forces 

35 with reference to Figs. 2A and 2B. 

Regarding the second arm (U-axis arm) 13 
having a length I2 , when the moments of forces 
are in equilibrium, 



when vertical forces are in equilibrium, 
F* - W 2 = 0 (2) 

45 

and when horizontal forces are in equilibrium, 
F«x = 0 (3) 

50 Assume that the length of a portion of the 
supporting lever 30 on one side of a fulcrum is I31 
and the length of a portion of the same on the 
other side of the fulcrum is I32. Then, as shown in 
Fig. 2B, when the moments of forces are in equilib- 

55 rium, 

: J 0 + F2/I31 -F3/I32 = 0 (4) 



40 T u - W 2 *l 2 cos <t> = 0 (1) 
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when vertical forces are in equilibrium, 

F 3y - Fty + F 2y - W, = 0 (5) 

and when horizontal forces are in equilibrium, 

F 3x - Fix + F 2x = 0 (6) 

Regarding the first arm (W-axis arm) 12, when 
the moments of forces are in equilibrium, 

T w - F<>y # li sine + F2x # h cose = 0 (7) 

Since tan0 = F^F^y, from the equations (1) 
through (7), 

T w = (Wi + W 2 )h sin 0 (8) 

where T w is a moment acting on the W-axis arm 
12. As is obvious from the equation (8), the mo- 
ment T w can be independent of the moment T u . 

Thus, in the arm drive mechanism of the articu- 
lated robot shown in Fig. 1, the moment T u acting 
on the second arm (U-axis arm) 13 is not loaded 
on the W-axis drive motor M 2 for driving the first 
arm (W-axis arm) 12. 

The W-axis drive motor M 2 may have a rela- 
tively small output capacity because the moment 
acting on the U-axis arm 13 provided with the robot 
wrist 14 does not affect the W-axis arm 12, and 
furthermore, the U-axis arm 13 can be turned 
through a wide angular range on a pivotal joint on 
the supporting lever 30 because the turning of the 
U-axis arm 13 is directly driven by the U-axis drive 
motor M 3 . Accordingly, the load on the W-axis 
drive motor M 2 of the drive mechanism in this 
embodiment is smaller than that on the W-axis 
drive motor M 2 of the prior art arm drive mecha- 
nism shown in Fig. 8, and thus the W-axis drive 
motor M 2 of the arm drive mechanism in this 
embodiment may have a relatively small output 
capacity. 

Nevertheless, the range of turning motion of 
the W-axis arm 12 must be subjected to a given 
restriction, due to the existence of the parallel 
linkage. 

Figures, 3 and 4 illustrate a detailed construc- 
tion of the industrial articulated robot having mul- 
tiple degrees of freedom of motion and employing 
the arm drive mechanism shown in Fig. 1. 

In Figs. 3 and 4, parts like or corresponding to 
those shown in Fig. 1 are denoted by the same 
reference characters. 

In the articulated robot shown in Figs. 3 and 4, 
the W-axis base 11b and the fixed lever 10 are 
formed integrally as one body, and the W-axis arm 
12 and the connecting lever 20 are pivotally sup- 
ported at two positions, respectively, on the body. 



The supporting lever 30 is pivotally joined at one 
end thereof to the upper end of the W-axis arm 12. 
A pivot shaft attached to the other end of the 
supporting lever 30 is supported in rotary bearings 

5 32 mounted on the upper end of the W-axis arm 
12. The U-axis drive motor M 3 is coupled coaxially 
through a coaxial reduction gear R 2 with the pivot 
shaft to drive the U-axis arm 13 for a controlled 
turning thereof relative to the supporting lever 30. 

io Thus, in this articulated robot, the length l 3 i of the 
portion of the supporting lever 30 of the first arm 
drive mechanism is infinitesimal. 

The W-axis drive motor M 2 drives the W-axis 
arm 12 through a coaxial reduction gear Ffe. 

15 Since the construction of the arm drive mecha- 

nism of the industrial articulated robot shown in 
Figs. 3 and 4 is substantially equivalent to that of 
the arm drive mechanism shown in Fig. 1, natu- 
rally, the U-axis arm is able to turn through a wide 

20 angular range, and the load on the W-axis drive 
motor M 2 is reduced. A wrist drive motor IvV is 
mounted on the rear end of the U-axis arm 13, and 
the robot wrist 14 has two or three degrees of 
freedom of motion. Accordingly, the articulated ro- 

25 bot has five or six degrees of freedom of motion in 
a three-dimensional space. 

An arm drive mechanism according to the sec- 
ond embodiment of the present invention will be 
described hereinafter. 

30 Referring to Fig. 5, an industrial articulated 

robot incorporating the arm drive mechanism in the 
second embodiment includes a stationary base 
11a, a W-axis base 11b mounted on the stationary 
base 11a for a rotation about its longitudinal axis 

35 relative to the stationary base 1 1 a, a fixed sprocket 
33 fixed to the W-axis base 11b, a W-axis arm 12 
supported on a shaft coaxial wit the fixed sprocket 
33 to be driven by a W-axis drive motor M 2 for a 
controlled turning in directions indicated by an ar- 

40 row W, a supporting sprocket 34 having a diameter 
equal to that of the fixed sprocket 33, and pivotally 
supported on the upper end of the W-axis arm 12, 
a drive chain 21 wound around the sprockets 33 
and 34, and a U-axis arm 13 supported on a shaft 

45 coaxial with the supporting sprocket 34 to be 
driven by a U-axis motor M 3 for a controlled turn- 
ing in directions indicated by an arrow U. 

When the W-axis arm 12 is rotated in direc- 
tions indicated by the arrow W, the supporting 

so sprocket 34 effects the functions of the supporting 
lever 30 of the parallel linkage employed by the 
arm drive mechanism of the first embodiment. 
Thus, the arm drive mechanism of the second 
embodiment has the same functions and advan- 

55 tages as those of the arm drive mechanism of the 
first embodiment. 

Furthermore, the W-axis arm 12 of the second 
embodiment is able to turn in a sufficiently wide 
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angular range because the turning of the W-axis 
arm 12 is not restricted by a dead point possessed 
by a parallel linkage mechanism. 

Figure 6 shows an industrial articulated robot 
incorporating an arm drive mechanism according to 
a third embodiment of the present invention. 

As shown in Fig. 6, the industrial articulated 
robot includes a W-axis base 11b, a fixed gear 35 
fixed to the W-axis base 11b, a W-axis arm 12 
supported on a shaft coaxial with the fixed gear 35 
to be driven by a W-axis motor M2 for a controlled 
rotation in directions indicated by an arrow W, a 
supporting gear 36 having a diameter equal to that 
of the fixed gear 35 and pivotally supported on the 
front end of the W-axis arm 12, an intermediate 
gear 37 interconnecting the fixed gear 35 and the 
supporting gear 36, and a U-axis arm 13 supported 
on the shaft of the supporting gear 36 to be driven 
by a U-axis motor M3 for a controlled rotation in 
directions indicated by an arrow U. 

The arm drive mechanism shown in Fig 6 has 
the same functions and advantages as the arm 
drive mechanism shown in Fig. 5. 

As apparent from the foregoing, in accordance 
with the present invention, an industrial articulated 
robot Is provided with an arm drive mechanism 
constituted by pivotally joining a first arm (W-axis 
arm) at the base end thereof to a fixed member 
relatively non-turnable fixed to a swiveling W-axis 
base so that a controlled turning of the first arm is 
driven by a W-axis motor M, pivotally joining a 
supporting member to the front end of the first arm, 
pivotally joining a second arm (U-axis arm) to the 
supporting arm to be driven by a U-axis drive 
motor M 3 for a controlled turning, and interconnec- 
ting the fixed member and the supporting member 
so that the fixed member and the supporting mem- 
ber are the two parallel link members of a parallel 
linkage mechanism. Accordingly, the W-axis motor 
M2 for driving the first arm (W-axis arm) is not 
adversely affected by a load moment acting on the 
second arm provided with a robot wrist at the front 
end thereof. Consequently, the W-axis drive motor 
M2 may have a relatively small output capacity, 
and the second arm can be directly driven by the 
U-axis motor for turning over a sufficiently wide 
angular range. 

LIST OF REFERENCE CHARACTERS 



1a 


Swivel base 


1b 


W-axis base 


2 


W-axis arm 


3 


U-axis arm 


3' 


Extension 


4 


Robot wrist 


5 


Connecting lever 


6 


Connecting lever 



11a 


Fixed base 


11b 


W-axis base 


12 


First arm (W-axis arm) 


13 


Second arm (U-axis arm) 


14 


Robot wrist 


20 


Connecting lever 


30 


Supporting lever 


32 


Rotary bearing 


33 


Fixed sprocket 


34 


Supporting sprocket 


36 


Supporting gear 


37 


Intermediate gear 


Claims 





75 

1. An industrial articulated robot including, in 
combination: 

a stationary base provided as a bottom 

unit; 

20 a swivel base capable of turning about a 

longitudinal axis thereof relative to said station- 
ary base; 

a first W-axis arm capable of turning about 
a horizontal axis relative to said swivel base; 
25 a second U-axis arm capable of turning 

about another horizontal axis relative to said 
first arm; 

a W-axis drive motor means for driving 
said first arm; 

30 a U-axis drive motor means for driving 

said second arm; and 

a robot wrist provided on a front end of 
said second arm and having multiple degrees 
of freedom of motion; 

35 wherein an improvement thereof is char- 

acterized by comprising: 

a fixed member fixed to said swivel base 
to be restrained from turning relative to said 
swivel base, and pivotally supporting said sec- 

40 ond arm at a rear end thereof so that said 
second arm is driven by said W-axis drive 
motor means for a controlled turning thereof; 

a supporting member pivotally joined to a 
front end of said first arm, and pivotally joined 

45 to the rear end of said second arm so that said 

second arm is driven by said U-axis drive 
motor means for a controlled turning thereof; 
and 

a parallel linkage mechanism provided with 
50 link members formed respectively by at least 

said first arm, said fixed member, and said 
supporting member, said parallel linkage being 
capable of performing a linkage motion in re- 
sponse to a turning motion of said first arm 
55 generated by said W-axis drive motor means. 

2. An industrial articulated robot according to 
claim 1, wherein said parallel linkage mecha- 
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nism is further provided with a connecting 
member having one end connected to said 
fixed member and the other end connected to 
said supporting member. 

5 

3. An industrial articulated robot according to 
claim 2, wherein said parallel linkage mecha- 
nism comprises: 

a fixed sprocket fixed to said swivel base, 
and pivotally supporting a rear end of said first 10 
arm to thereby function as said fixed member; 

a supporting sprocket pivotally supported 
on the front end of said first arm, and function- 
ing as said supporting member; 

a drive chain arranged to be wound around 15 
said fixed sprocket and said supporting 
sprocket to function as said connecting mem- 
ber. 

4. An industrial articulated robot according to 20 
claim 2, wherein said parallel linkage mecha- 
nism comprises: 

a fixed gear element fixed to said swivel 
base and pivotally supporting a rear end of 
said first arm to thereby function as said fixed 25 
member; 

a supporting gear element pivotally sup- 
ported on the front end of said first arm to 
function as said supporting member; and 

an intermediate gear element engaged 30 
with "both said fixed gear element and said 
supporting gear element to thereby function as 
said connecting member. 

5. An industrial articulated robot according to 35 
claim 1, wherein said swivel base and said 
fixed member of said parallel linkage mecha- 
nism are formed integrally as one body. 
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Fig. A 
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Fig. 7 (PRIOR ART) 
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